The expression of the boron removal rate (c t ) from the liquid phase can be described by:
the irreversible first-order reaction model:
or the irreversible second-order reaction model:
where c t is the boron concentration in liquid phase, present at time t and k is the overall reaction rate constant. If the interaction between boron and sorbent surface is reversible, the rate equation for the reversible first-order reaction model is a combination of the reaction rate equation:
and the equilibrium constant:
where k 1 and k 2 are the forward and backward reaction rate constants, respectively. Accordingly, the reversible second-order reaction model is a combination of the reaction rate equation:
Alternatively, the rate of boron uptake by the resin in an irreversible interaction can be described by:
where q t is the boron concentration in the solid phase at time t and k a , k d are the adsorption and desorption reaction rate constants, respectively. When the equilibrium relationship of the adsorption system is of the Langmuir form:
the boron concentration at the adsorbent surface (q t ), for a batch system can be calculated from Eq. (1). The adsorption kinetic model:
can be obtained combining Eqs. (1), (S-7) and (S-8). It should be noted that K L in this case is no longer defined by Eq. (S-6) and it is treated as an empirical parameter that correlates the Langmuir equilibrium constant. The analytic solutions of Eqs. (S-1)-(S-3), (S-5) and (S-9), can be found by integration with the appropriate initial conditions c t ∈ (c init , c t ) and t ∈ (0, t). After rearrangement, the obtained non-linear forms of the rate expressions are presented in Table S-II. TABLE S- The values of the kinetic rate constants (k, k 1 and k a ) were estimated by a non-linear least-squares regression analysis fitting kinetic equations to the measured concentration decay profiles. It should also be noted that each model contains only one adjustable parameter (k or k 1 or k a ). The other parameters associated with Eq. (10) are either known (c init , M, and V) or have previously been determined from the Langmuir equilibrium model (q m and K L , Table S-I).
